Review of Supekar et al.
Math anxiety is defined as a negative emotional response to situations involving mathematical problem solving (Ashcraft, 2002) . It is a widespread challenge that emerges early during development (Beilock and Willingham, 2014) . Childhood math anxiety is associated with long-term effects such as hampered professional achievement in adulthood (Hembree, 1990) . Given the well documented adverse effects of this condition, identifying evidence-based approaches to reduce math anxiety is critical (Maloney and Beilock, 2012) . Supekar et al. (2015) recently investigated whether MathWise, an intensive 8 week one-on-one math tutoring program developed by Fuchs et al. (2013) , could alleviate math anxiety in elementary school-aged children (7-9 years old). Participants attended three 40 -50 min mathematics-tutoring sessions per week. Before and after the intervention, participants underwent functional magnetic resonance imaging (fMRI) and reported math anxiety levels using the Scale for Early Mathematics Anxiety (SEMA; Wu et al., 2012) . Participants completed an arithmetic problem-solving task (Addition task) and a number-identification task (Control task) during scanning. Researchers categorized participants as high or low math-anxious (HMA and LMA, respectively) using a median split of pre-test SEMA scores. Behavioral and neural responses to the intervention were compared between groups. Supekar et al. (2015) found that the intervention reduced math anxiety scores and remediated what they called "aberrant neural responses" to math in HMA but not LMA children. The latter was determined by contrasting activation during Addition and Control conditions for each participant and then comparing the average difference in HMA children to that in LMA children. Before tutoring, HMA children showed greater activation than LMA children in the right amygdala, left intraparietal sulcus (IPS), left angular gyrus (AG), right ventral lateral prefrontal cortex (VLPFC), and bilateral superior parietal lobule (SPL). Neural activation in HMA and LMA children was indistinguishable after tutoring.
A potentially important methodological limitation of this study is the fact that participants were not recruited based on their math anxiety levels. Rather, HMA and LMA groups were formed using a median split of a normal sample. Typically, high math anxiety is defined as the uppermost 20% of the population (Ashcraft and Kirk, 2001). But Supekar and colleagues' (2015) classification method may have included participants with nearly average SEMA scores in the HMA group. Thus, whether their results generalize to more math-anxious individuals is unclear. The unorthodox way that Supekar et al. (2015) defined HMA and LMA groups also makes their repeated use of the term "aberrant" to describe the HMA group is questionable. Indeed, caution is always recommended when attaching evaluative terms like "aberrant" to various subpopulations, especially in studies with designs that fail to clearly distinguish between subpopulations and more typical populations.
Assuming that Supekar et al.'s (2015) findings extend to children with higher math anxiety, however, their paper presents the interesting possibility that an intervention that reduces math anxiety can also alter brain functioning in HMA children. The authors attribute this amelioration of "aberrant" responses to the increased exposure to mathematics provided by the intervention (the authors used the term "exposure" as it is used in behavioral modification therapy, i.e., confronting the subject of your fear). We explore the authors' interpretations of their findings, and suggest additional factors that may also have contributed to this reduction of math anxiety, including individual differences in neural processes supporting math performance and changes in math attitudes.
Supekar et al. (2015) report that during pre-testing, HMA children exhibited greater right amygdala activation than LMA children during the Addition task relative to the Control task; this difference was absent during post-testing. They interpret this to mean that HMA children showed greater tutoring-induced changes in amygdala activation than LMA children. However, the authors did not report whether activation during the Addition task was significantly different from activation during the Control task for either group at either time-point, nor did they report a significant change from pretesting to post-testing for either HMA or LMA children. Moreover, Supekar et al. 's (2015) Figure 2 reveals that LMA children may have had a greater amygdala response (reduced activation in the Addition compared with the Control task) than HMA children at pre-testing, and that the HMA group showed similar levels of amygdala activation in Addition and Control tasks both before and after tutoring. Thus, although the authors claim that activation of the right amygdala during addition became more normal in HMA children after tutoring, it appears unlikely that the intervention significantly altered amygdala activity in HMA but not LMA children.
Nevertheless, a whole-brain connectivity analysis revealed an intervention-induced decoupling of bilateral amygdala activation in HMA, relative to LMA children. Supekar et al. (2015) do not report a typical signature of anxiety reduction; namely, a change in coordinated activity between the amygdala and medial prefrontal regions (Kim et al., 2011) . This raises the question of whether the neural processes underpinning math anxiety are similar to, or distinct from, other forms of anxiety. Though general anxiety is typically positively associated with math anxiety (Hembree, 1990) , Supekar et al. (2015) cannot confirm this association, as the researchers did not measure general anxiety. Still, it is surprising that poorer functional coupling between the amygdala and medial prefrontal regions [typical of other anxieties (Kim et al., 2011) ] did not emerge in Supekar et al. (2015) . Perhaps the distinctive pattern of amygdala activation in this study is unique to math anxiety. Alternatively, the method used to classify HMA participants by Supekar et al. (2015) might drive this distinction. Coordinated activity between the amygdala and prefrontal areas (as typically observed in other anxieties) may be greater in children with higher levels of math anxiety. Future work should investigate this possibility.
While exposure to mathematics is a likely mechanism through which the intervention remediated math anxiety, we suggest that individual differences in neural processes supporting math performance, and improvements in perceptions of one's math ability, may also have played a role in the effects observed by Supekar et al. (2015) . Although it is widely established that math-anxious individuals tend to exhibit poorer math performance than their less anxious peers (Ashcraft and Ridley, 2005), Supekar et al. 's (2015) HMA and LMA groups do not differ in math performance during pre-testing (and they showed comparable math ability improvements after training). The lack of the typically observed negative association between math anxiety and math performance in Supekar et al. (2015) further bolsters the possibility that their HMA group, on average, was not actually mathanxious. Still, Supekar et al. (2015) demonstrated that activation of the IPS, SPL, and AG [regions established as important for mathematical processing (for review, see Dehaene et al., 2003) ] was reduced from pre-testing to post-testing in the HMA, but not LMA children. One interpretation of this reduction in brain activation in the HMA children that is consistent with other training studies (Nussbaumer et al., 2015) is that during pre-testing, the HMA children found math problems more challenging than did LMA children. Accordingly, HMA children may have recruited greater neural resources to perform at the same ability level as LMA children. In keeping with this interpretation, the finding of reduced neural activation coupled with enhanced math performance after tutoring suggests that the HMA children may have found arithmetic problems less challenging during post-testing compared with pretesting. Consequently, HMA children may have felt less anxious when completing math problems after the intervention.
It is also possible that the HMA children's perceptions of their math ability may have changed after tutoring, especially when assuming that reductions in neural activation in typical math processing regions at post-testing indicate that children found math problems less challenging. Previous work suggests that perceptions of strong math ability are associated with lower subsequent math anxiety (Ahmed et al., 2012) , and these perceptions of math ability explain the standard inverse relationship between math performance and math anxiety (Meece et al., 1990) . Furthermore, other important social-cognitive correlates of math anxiety, such as how much individuals value math and consider it an important part of themselves (Hembree, 1990; Necka et al., 2015) , can be reasonably expected to change after intensive one-onone math tutoring. Thus, a potentially positive psychosocial experience of meeting with a tutor may affect HMA children's attitudes toward math and perceptions of math ability. These changes have the potential to influence children's math anxiety and associated underlying neural processes. Generally, children with greater sensitivity to social contexts (Boyce and Ellis, 2005) show more adaptive behavioral responses to interventions (Klein et al., 2006) . Thus, if math-anxious individuals are more susceptible to positive or negative environmental associations with mathematics, these children may be more likely to respond to interventions. Supekar et al.'s (2015) investigation of the impact of an intervention on behavioral and neural processes associated with math anxiety suggests that one-onone intervention programs might promote positive behavioral and neural changes. However, the method by which Supekar et al. (2015) designated individuals as HMA raises concerns about the generalizability of their findings. Thus, further research is necessary for a more thorough understanding of how and why the MathWise intervention successfully ameliorates math anxiety. Though exposure to mathematics is a likely mechanism through which the intervention remediates math anxiety, individual differences in neural processes supporting math performance and changes in math attitudes may also support this remediation. More broadly, Supekar et al. (2015) demonstrated that designs that combine behavioral interventions with concurrent assessments of neural, social, and cognitive processes can be effective for understanding how individual differences are related to intervention efficacy.
